Abstract. We analyze simultaneous visible, ultraviolet (UV), and X-ray auroral images of an isolated substorm on January 25, 1998. The total precipitating electron energy flux and mean energy ex- 
Introduction
The auroral substorm was first discovered from a careful synthesis of ground-based all-sky auroral images [Akasofu, 1964] . With the advent of space-borne auroral imaging, it became possible to view a large portion of the auroral oval nearly simultaneously and thereby to study global substorms individually rather than statistically. The auroral imager on the Dynamic Explorer 1 (DE-1) spacecraft was the first to provide global auroral images (with 12 min time resolution) over a period long enough to study an individual substorm from onset to recovery [Craven and Frank, 1985] .
The suite of imagers on the Polar spacecraft offers a unique opportunity to study individual substorms globally and simultaneously at visible, ultraviolet (UV), and X-ray wavelengths. Simultaneous multispectral imaging shows the dynamics of different partide populations involved in the substorm process and enables detailed quantitative measurements of the electron energy flux into the ionosphere. To utilize the capabilities of multispectral imaging, we searched for a relatively isolated substorm that was viewed nearly in entirety by the three imagers. Such an event occurred on January 25, 1998 between 0350 and 0530 UT, and we present a subset Paper number 1999GL003678.
0094-8276/00/1999GL003678505.00 of the simultaneous images from the three instruments which show the temporal development of the substorm at different wavelengths.
The emissions vary differently with local time during the expansion and recovery phases, and we assess the origin of precipitating high energy (•30-100 keV) electrons responsible for the differences.
We find reasonably good agreement between the total precipitating electron energy flux and average energy derived from the images at different wavelengths.
Instruments
On January 25, 1998, the Visible Imaging System (VIS) Low At 0423, the low and high energy X-ray emissions peak in brightness at 2100-2200 MLT and 0000-0100 MLT, respectively. 
Precipitating Electron Energy Analysis
The multispectral capabilities of the individual Polar imagers enable detailed quantitative remote sensing of the precipitating electron spectrum. All three imagers can provide measurements of total precipitating electron energy flux, and PIXIE and VIS are oper- To extract the electron energy spectrum from the observed PIXIE X-rays, we find the single or double exponential electron energy spectrum whose calculated bremsstrahlung spectrum best matches the observed X-ray spectrum in 6 energy channels, using the technique described by Ostgaard et al. [1999b] . A double exponential electron spectrum generally produces a better fit to the wide energy range (•3-20 keV) of the observed X-rays. Anderson et al. [1998] analyzed a narrower X-ray energy range by assuming a single exponential electron spectrum and found that the inferred energy flux and mean energy agreed well with observed <30 keV electrons.
From the exponential fit we can calculate the total precipitating electron energy flux for energies •>3 keV (PIXIE is not sensitive to X-rays produced by electrons with energy <2.5 keV) and mean energy over the range 0.1 to 1000 keV. This reduction to a single energy parameter tends to obscure the information contained in the higher energy exponential which can contribute significantly to ionization at lower altitudes (<120 km). Thus, to emphasize this high energy precipitation, we also display the mean energy of this second exponential where it is found in the PIXIE data.
In Figure 2 , we compare the energy flux and mean energy measurements from the images at 0440-0445 UT. The VIS and UVI 
High Energy Precipitation
The origin of the high energy electrons seen by PIXIE is revealed by an analysis of the substorm •mage sequence. The newly revealed second region of high energy X-ray emissions (and thus precipitation of high energy electrons) is between 0000 and 0200 MLT. While such emissions are expected at substorm onset from the injection of energetic electrons, the images from 0417 to 0457 UT (some of which are in Figure 1) show an Xray emission peak that persists through substorm recovery phase. Energy analysis of the X-ray data show the presence of a •100 keV population from 0417 to 0447 UT, with the energy dropping to 12 keV by 0457 UT. For such an energetic population to last for 30 min in one location requires that the electrons be continuously supplied at that local time due to their fast gradient and curvature drift. This indicates that, for this substorm, the process responsible for accelerating electrons in the magnetotail to • 100 keV energies and sending them earthward operates on time scales approaching 30 min. Whether the morphology and duration of this high energy precipitation is a common feature of substorms is a subject for further study.
Conclusions
We have presented an analysis of simultaneous and global auroral images of an isolated substorm at visible, UV, and X-ray wavelengths that reveals some new features of large scale auroral emissions. The UV and visible emissions are generally similar, with the brightest emissions coming from auroral surge structures in the premidnight sector. The brightest expansion phase X-ray emissions come from the same regions, reflecting the intense and energetic precipitation known to the associated with auroral surges. As the substorm reaches recovery phase, the morphologies of the X-ray and visible/UV emissions diverge, with relatively more high energy X-rays emitted from the postmidnight sector primarily in two regions: one near 0000 MLT and one near 0600 MLT.
The total precipitating electron energy flux and mean electron energy calculated from the VIS, UVI, and PIXIE images are found to be in acceptable agreement (within •50%) in most regions. A temporal and spatial analysis of the observed high energy precipitation regions indicates that the precipitating high energy electrons at 0500-0800 MLT were injected at the time and location of the second substorm intensification and subsequently drifted, as has been found in previous studies. However, there are also high energy electrons observed continuously at 0000-0200 MLT for •30 min which persist into substorm recovery phase. For this substorm, their timing indicates that they originate in the substorm electron acceleration process, which must last for •30 min in order to continuously supply • 100 keV precipitating electrons to this small local time range. Whether this process is similar in other substorms is a subject for further investigation.
These multispectral measurements highlight the fact that during a substorm, the visible/UV and X-ray emissions can be quite different and can be produced by precipitating electrons in significantly different energy ranges. This suggests that a remote measurement of the precipitating electron energy spectrum could be produced from a combination of low energy (visible or UV) and high energy (X-ray) emissions which may be more accurate than such a measurement from an individual imager.
